Background Low back pain (LBP) is the most commonly reported musculoskeletal disorder among farmers.
Introduction
A systematic review [1] exploring the causes of workrelated musculoskeletal disorders identified heavy physical work, awkward static or dynamic working postures and lifting as the main biomechanical risk factors for the development of low back pain (LBP). Each of these factors is associated with common tasks undertaken on a regular basis by farmers. A systematic review [2] investigating musculoskeletal disorder (MSD) prevalence among farmers established LBP as the most prevalent MSD. This study also found that lifetime LBP prevalence ranged from 68 to 81% with an overall pooled estimate of 75% (95% CI: 67.0-81.5) and 1 year LBP prevalence ranging between 14 to 77% with an overall pooled estimate of 48% (95% CI: 40.2 to 55.5) [2] .
LBP is associated with major costs in terms of health resource usage, work disability and absenteeism [3] and loss of quality of life [4] and is one of the most common causes of sick leave in the Western world [5] . As people may experience multiple episodes of incapacitating back pain, LBP remains a significant cause of worker absence and worker discomfort [6] . Once LBP has been present for more than a year few people with long-term pain and disability return to normal activities [7] . Research identifying and evaluating the causes of LBP among farmers is limited. This is a critical knowledge gap given that disability arising from LBP may have serious repercussions for the viability of farms. According to a recent Irish study, many Irish farmers experiencing disability report lower family farm incomes and failure to secure off-farm employment [8] .
There are 139 829 farm holdings [9] in Ireland, but only a very limited body of research [8, [10] [11] [12] exists regarding LBP among Irish farmers. This reflects the international situation [13] where the heterogeneity of research approaches preclude the identification of generic risks associated with farming. Additionally, relatively little research has been published evaluating the impact of LBP on farmers and farm households.
The overall aim of this study was to build on our previous research [10] and explore causes and consequences of LBP among farmers. We wished to explore the farmer-attributed causes of LBP, the relationship between LBP and various personal (age, gender, participation in sport and self-rated health status) and workrelated factors (farm enterprise, years farmed, hectares farmed, hours worked per day) and measure the impact of LBP including number of work days lost and changes to work practices.
Methods
We conducted a questionnaire survey of farmers, using a survey developed by drawing together questions from the Irish National Farm Survey (NFS) [14] and the Survey of Lifestyle, Attitudes and Nutrition in Ireland (SLÁN) [15] . Following a pilot study among 30 farmers to test usefulness of content, readability and face validity, minor amendments were made. The Nordic back pain questionnaire [16] definition of LBP: 'By low back pain is meant ache, pain or discomfort in the lower back whether or not it extends from there to one or both legs' was used and was accompanied by a mannequin diagram to define the low back region. LBP findings were determined by respondents' self-reporting. The following data were collected: age, gender, participation in sport, self-rated health status, years farming, hectares farmed, employment status, hours worked per day and farm enterprise. Other variables explored in relation to LBP were as follows: attributed causes of LBP, farm tasks affected, work days lost, days unable to do normal farm work, changed working habits and treatments received. To ensure representation of all farmer groups, purposive sampling was used to obtain a quota sample of 100 farmers from each of the six NFS farm enterprise systems: dairy, dairy and other, cattle rearing, other cattle systems, mainly sheep and tillage, resulting in 600 farms being represented in the study sample. To achieve this, questionnaires were distributed at events where groups of farmers were gathered together, including farm walks, farm safety training courses and other educational or training events conducted by Teagasc, the Irish Agricultural Food Development Authority. The University College Dublin Human Research Ethics Committee granted ethical approval for this study.
Questionnaire data were entered onto the Predictive Analytics Software (PASW Statistics V.18) package for analysis. Confidence Interval Analysis Software (CIA v 2.2.0) was used to calculate 95% CIs for sample proportions [17] . Where enterprise groups had more than 100 respondents, 100 questionnaires were randomly selected to represent each of the six main NFS farm enterprise systems. Initial analysis was conducted using descriptive statistics. A Kolmogrorov-Smirnov statistical test was performed to determine if data relating to age, years farming, hectares farmed and hours worked were normally distributed. Only age met this assumption and so independent t-tests were used to explore the relationship between lifetime LBP prevalence and age. Where variables were not normally distributed, Mann-Whitney U-tests were used. Chi-square tests were used to examine whether or not there were associations in the proportion of farmers with and without LBP in subgroups based on health status, participation in sport and gender. As the dependent variable (lifetime LBP yes/no) was categorical, further analysis using binary logistic regression techniques was conducted. Analysis was performed using a P < 0.1 level for the insertion of variables into the multiple regression model, as previously used in other studies [18, 19] . Following this, multiple logistic regression, adjusting for age, was used to identify independent predictors of LBP. The continuous variable 'hectares' was collapsed into three categories: small (0-50 hectares), medium (51-100 hectares) and large (>100 hectares), and self-rated health status was also recoded into three categories; 'very good' (excellent and very good health), 'good' and 'poor' (fair and poor health) for regression analysis. Although data from 600 questionnaires were analysed, for some questions not all farmers responded and so results were calculated on the available responses for each question.
Results
The 600 farmers included in the analysis were aged between 18 and 85 years (median 46), farmed a median of 53 hectares of land and were predominantly male (92%) ( Table 1) . Of the 571 farmers who responded, 65% (n = 372) were full-time farmers, while 35% (199) were part-time farmers. The main work sectors that the part-time farmers were involved in were construction 32% (63), agriculture and agriculture business 27% (53), education 8% (15), transport, storage and communication 7% (13) , wholesale and retail trade 6% (11) and financial and other business services 6% (11) .
Forty-nine per cent (277/563) reported having had a significant episode of LBP in their lifetime, 72% (185/257) attributed this to either a specific farm injury (93) or repeated activities (92) and 28% (72) reported not knowing what caused their LBP. Farmers who believed their LBP to be due to a specific farm injury were asked to describe how the injury occurred and 54% (49/90) attributed it to a 'general lifting/pulling/pushing' farm activity (Table 2) . Farmers who believed their LBP was caused by repeated farm activities were asked to describe the activities and 65% (40/62) attributed it to 'general lifting/pulling/pushing' (Table 2) .
Age, gender, employment status, participation in sport, farm enterprise, years farming or hours worked per day did not show any significant relationship with lifetime history of LBP in the univariate analysis (Table 3) . However, both hectares farmed and self-rated health status were found to be associated with having LBP (Table 3) .
Binary logistic regression analysis was performed to determine unadjusted ORs for factors associated with LBP. Variables found to be associated at a P < 0.1 level were then entered into a multiple logistic regression model to explore for independent predictors ( Table 4 ). The binary analysis showed that the odds of LBP were significantly greater in farmers with larger farms (OR = 1.71, 95% CI: 1.08-2.72), but not medium-sized farms, in comparison to farmers operating smaller farms. There was an increase in the odds of having LBP as self-rated health status declined from 'very good' to 'good' to 'poor'. By comparison with the group reporting 'very good health' (referent group), the odds of LBP were significantly higher in those who perceived health as 'good' (OR =1.52, 95% CI: 1.08-2.15) but not with those who perceived health as 'poor'.
These relationships persisted in the multiple regression analysis, when age, farm size and self-rated health were included. There was an overall good fit to the model with a non-significant Hosmer Lemeshow test (chi-square 5.15, df 8, P = 0.74). The variables that were found to independently predict LBP included larger farm size and self-rated health. The odds of LBP were greater among those farming medium and large farms (OR = 1.52; 95% CI: 1.04-2.22 and OR = 1.86; 95% CI: 1.16-3.98, respectively) by comparison with smaller farms (P < 0.05). Those who perceived their health as 'good' (OR = 1.63; 95% CI: 1.14-2.33) by comparison with a rating of 'very good' had greater odds of LBP (P < 0.01).
Ninety-five farmers reported not being able to work at some time during the last year due to their LBP. For those unable to work, the median number of days lost was 5 (range 1-365), and 29% (27) were unable to work for more (10) 120 (22) 169 (31) 128 (23) 65 (12) 11 (2) 1 (<1) Female n (%) 0 3 (7) 3 (7) 12 (27) 13 (29) 12 (27) (24) 38 (38) 17 (17) 13 (13) 1 (1) 0 Cattle rearing 0 13 (13) 23 (24) 22 (23) 28 (29) 10 (10) 1 (1) 0 Other cattle systems 1 (1) 15 (15) 21 (21) 24 (24) 21 (21) 12 (12) 5 (5) 0 Sheep 0 10 (10) 16 (16) 39 (39) 18 (18) 14 (14) 2 (2) 1 (1) Tillage 0 7 (7) 22 (22) 20 (20) 31 (31) 17 (17) 2 (2) 0 than 1 week. Of the 251 farmers with a history of LBP who answered this question, 23% (57) reported that there were certain farm tasks that they were unable to do due to LBP, with lifting being the most problematic (Table 5) . Thirtysix percent (90/253) reported that they had needed help to carry out some farm tasks because of LBP in the previous year. Sources of help included the following: family member (75), employee (31) and friend (24), with three farmers reporting having no-one to ask for help. Furthermore, 54% (139/257) reported that they had to change their working habits as a result of LBP with planning work/becoming more careful, avoiding lifting/changing lifting technique and building new facilities/using machinery being the three most frequent changes made (Table 5) . Forty-six per cent (118/255) of LBP respondents had sought treatment in the previous year, with the majority having attended a general practitioner (44), chiropractor (36) or physiotherapist (35). Eight per cent (21/256) of LBP respondents said they had considered leaving farming due to their LBP.
Discussion
Our key finding was the identification of general lifting/pulling/pushing activities as the most commonly attributed cause of LBP among farmers in Ireland. While the research design cannot infer causal relationships, it established independent associations between farm size and self-rated health status and the odds of experiencing LBP. The impact of LBP included work disability, necessitating changes in work habits, obtaining help to complete farm tasks and taking time off work. The use of an accepted definition of LBP along with a diagram enhanced the validity of the research questionnaire and interpretation of results. However, we must acknowledge one potential limitation, that of the 'healthy worker effect', as farmers no longer farming because of LBP are unlikely to have been among those surveyed. Although random sampling may have been preferable, no database of farmer contact details existed and purposive sampling ensured equal representation of all the farmer enterprise groups.
Our study supports previous research identifying heavy lifting [1, 20] and pushing and pulling [21, 22] as a risk factor for LBP. More task analysis research is necessary to establish what specific lifting, pulling and pushing tasks and components of tasks lead to problems. Of the current study's respondents, 36% felt their LBP was caused by one specific farm injury while a further 36% believed that their LBP was caused by repeated farm activities. These findings are similar to those in Colorado farmers, where 34% reported that their back pain was due to an accident or acute injury while working on the farm, and 45% of the male and 44% of the female cases believed their back pain was caused by repeated farm activities such as lifting, pushing, pulling, bending, twisting or reaching [22] . These results suggest the need to develop better working routines, such as eliminating heavy lifting, alternating work tasks, limiting the maximum time spent working on specific tasks and ensuring adequate resting time between tasks [23] .
Our study did not find any associations between LBP and age, gender, participation in sport, years farming, being a full-time or part-time farmer, farm enterprise system or daily hours worked. Although this might seem surprising, this study investigated associations with having a lifetime history of LBP whereas many studies explore annual LBP prevalence. Farmers may develop LBP at a younger age due to the physical nature of work and therefore older age may not increase the odds of having a lifetime history of LBP. No associations between LBP and gender were found, possibly due to the small number of women in this study. Previous literature [24] reports varying associations between leisure time physical activity and LBP, and in this study no association was found. Interestingly, years farming, hours worked per day, and being a full-time or part-time farmer also showed no association with LBP although previous studies have reported differently [20] . Other factors previously found to be associated with LBP among farmers and not investigated in this study include personal characteristics such as body mass index [25, 26] and body height [25] , work characteristics such as being an owner operator and tractor work [27] and psychosocial factors such as depression, sleep quality [5] , work demands and work insecurity [26] . These factors, especially psychosocial ones, should also be considered in future research on LBP among farmers. This study did, however, establish that a lower self-rated health status ('good' health versus 'very good' health) was associated with higher odds of experiencing LBP. It is not clear whether LBP contributes to a lower perception of health status or whether lower overall health status leads to the development of LBP. The current study found working on medium and larger farms to be associated with having LBP, supporting previous findings of an association between injury and larger farm size [28] . Larger farms tend to involve more intensive activity levels requiring greater labour inputs, thereby exposing their operators to more physical hazards or possibly placing them under greater work time constraints. More research is needed into the association of LBP and farm size to determine the causality implicit within this relationship. The impact of LBP on ability to execute farming duties may be considerable, with farmers reporting similar short-term absence to white-collar workers (office workers and managers) and similar long-term absences to blue-collar workers (production workers) [29] . The current study's absences from work (39%) are also much greater than those found among New Zealand veterinarians (9%) who have work roles and tasks somewhat comparable to farmers [30] . This is interesting, as most farmers in Ireland are self-employed, with few or no employees, and do not receive benefits such as sick leave or pay, unlike employees, and might therefore be expected to take less time off work. Comparisons of sick leave between studies are often difficult due both to different occupations and work tasks and to methodological differences. To our knowledge, this is the first time that self-reported work loss due to LBP in farmers has been determined. Although results are based on farmers' recall, at present there is no other method of quantifying sick leave among farmers in Ireland, apart from selected cases reported to the Irish Health and Safety Authority (HSA) involving work losses of more than three consecutive days resulting from farm accidents or injuries only. Furthermore, when reporting injury data, HSA combines all non-fatal injuries and LBP results are not shown separately.
An additional impact found in this study was the need for help with farm tasks. Furthermore, LBP resulted in farmers changing their working habits by planning work, becoming more careful, avoiding lifting and changing lifting technique. An interesting area for future research would be to measure decreased productivity due to LBP by evaluating the effects of such changes on work outputs, both physical and economic. This would further help quantify the impact of LBP among farmers. In addition, qualitative analysis of farmers' experiences of LBP would aid in understanding its impact.
In conclusion, future intervention strategies to reduce LBP and related disability among farmers require work practices to be further investigated, with task analysis to establish what specific lifting, pulling and pushing elements lead to problems. More in-depth research is needed to explore the association between LBP and farm size and future studies should explore factors such as use of mechanical aids, the number of people working on a given farm and the farming activities taking place on larger farms. Further qualitative analysis of farmers' experiences is also required.
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Key points
• This study found that approximately three quarters of farmers with low back pain attributed it to either a specific farm injury or repeated work activities, usually involving lifting.
• Larger size farms and having a lower perception of self-rated health status were the only associations found between low back pain and the personal and work-related factors investigated.
• Low back pain leads to time off work, needing help, changing work habits and seeking treatment.
